Infection of quiescent CV-1 cells with simian virus 40 mutant tsA30 at 37°C resulted in the induction of two rounds of cellular DNA synthesis in T-antigen-positive cells, as previously described for wild-type simian virus 40. Following infection with tsA30 at 40.5°C, T-antigen-positive cells were induced into S phase and reached a diploid G2 DNA content; however, a second S phase was not initiated. The failure of tsA30-infected CV-1 cells to enter tetraploid S phase at 40.5°C identifies a T-antigen function, distinct from T-antigen functions responsible for stimulation of cell DNA synthesis, which is required for initiation of a second round of DNA synthesis without mitosis.
Simian virus 40 (SV40) stimulates both permissive and nonpermissive cells into DNA synthesis (4, 6) . A number of experimental approaches have demonstrated that SV40 T antigen, in the absence of other viral components, is capable of inducing quiescent cells to enter S phase (1, 2, 5, 24, 26, 27, 31) . Flow cytometric (FCM) analysis has confirmed that quiescent monkey kidney cells are induced into S phase following SV40 infection and has revealed that T-antigenpositive cells do not enter mitosis but continue to synthesize DNA, reaching DNA contents greater than that of a tetraploid G2 cell prior to cell lysis (17, 19) . The induction of two rounds of cellular DNA synthesis without mitosis implies that SV40 overrides the normal cell cycle controls which prevent initiation of a second S phase within a cell cycle.
To understand the mechanisms involved in DNA rereplication during SV40 infection, it is important to determine whether T-antigen function is required for entry into tetraploid S phase. Previous reports indicated that several SV40 mutants encoding temperature-sensitive T antigen were capable of inducing quiescent cells into DNA synthesis, but entry into tetraploid S phase was not examined (7, 25) .
Confluent CV-1 cells (ATCC CCL70) were inoculated at a multiplicity of infection of 80 to 100 PFU per cell with wild-type SV40 strain RH911 or tsA30 (20, 29 (Fig. 1B and C) . The levels of T antigen in each cell cycle phase were similar at 34 and 37°C (Fig. 1D) . These results demonstrated that tsA30-infected CV-1 cells enter >G2 phase when cultured either at 34 or 37°C. To minimize the difference between the permissive temperature and the nonpermissive temperature of 40.5°C, 37°C was used as the permissive temperature for the experiments that follow.
tsA30-infected cells are induced to enter S phase at 40.5°C. Having established that tsA30-infected cells at 37°C enter a tetraploid S phase, it was of interest to determine whether maintenance at the nonpermissive temperature of 40.5°C would also result in two successive rounds of cellular DNA synthesis. The induction of quiescent cells into diploid S phase was examined first. At early times after infection, T-antigen-positive cells exited .G1 phase at a slightly faster rate in 40.5°C cultures than in 37°C cultures ( Fig. 2A ). This progression into S phase at 40.5°C indicated that the T-antigen function required for the induction of cellular DNA synthesis was retained in tsA30-infected cells at the nonpermissive temperature. The ability of tsA30-infected cells to move through the cell cycle at the nonpermissive temperature was further substantiated by a slightly faster rate of movement of T-antigen-positive cells into G2 phase in 40.5°C cultures than in 37°C cultures ( Fig. 2A) . Maintenance at 40.5°C did not have any effect on the amount of T antigen expressed in G2 phase, but lower quantities of T antigen were present in G1 phase at 40.5°C (Fig. 2B) . Therefore, lower levels of T antigen may be sufficient to induce the G1-to-S transition at 40.5°C than are needed at 37°C. Mock- 4A) .
To address the possibility that the failure of tsA30-infected cells to enter >G2 phase at 40.5°C was due to insufficient quantities of T antigen, the levels of T antigen in each phase at 52 h p.i. were examined. The amount of T antigen in tsA30-infected G2 phase cells at 40.5°C was slightly higher than at 37°C (Fig. 4B) , but G2 cells at 40.5°C do not enter >G2 phase (Fig. 4A) . Therefore, the failure of tsA30-infected cells to enter >G2 phase at 40.5°C did not result from insufficient T antigen but appeared to be due to a loss of T-antigen function.
The results presented here demonstrate that entry into a second round of DNA synthesis is dependent on T antigen and that the T-antigen function responsible for reinitiation of DNA synthesis is lost in tsA30-infected cells at 40.5°C. The finding that tsA30 induces one round of cellular DNA synthesis at 40.5°C demonstrates that the temperature-sensitive T-antigen function required for entry into tetraploid S phase is distinct from the functions required for the induction of cellular DNA synthesis in quiescent cells.
The involvement of T antigen in the stimulation of the G0Gl-to-S transition is well established, but there is also evidence that T antigen can regulate events in G2 phase. Rat embryo fibroblasts transformed with tsA58 (10) or tsA640 (22) arrest in G0 and G2 phases at the nonpermissive temperature. Superinfection of blocked cells with wild-type T antigen is followed by reentry of G1 and G2 cells into the cell cycle. T antigen has also been shown to overcome a G2 block in temperature-sensitive rat 3Y1 cells (32) . These results suggest that in some transformed cells, T antigen acts as a positive factor in G2 progression, in addition to its role in G0 phase. Early FCM studies suggested that SV40-infected CV-1 cells were induced into one round of cellular DNA synthesis followed by a block in G2 phase (3, Fig. 2A were examined for levels of T-antigen expression. The mean FITC value (T antigen) for gated T-antigen-positive G1 and G2 populations was the average from two cultures, and the results are displayed for each time point.
accumulation of infected cells with a DNA content 20% greater than that of 4C cells appeared to result from G2-blocked cells containing replicated viral DNA (7) . The detection of T-antigen-positive cells with DNA contents equivalent to those of tetraploid G2 cells, as described here, is most likely the result of improved reagents, techniques, and FCM instrumentation. SV40-induced tetraploidy does not appear to be restricted to CV-1 cells, because a similar entry into > G2 phase is observed following SV40 infection of Vero, BSC-1, and AGMK cells (16) .
Temperature-sensitive T antigens are overproduced at the nonpermissive temperature, as determined by immunoprecipitation, but are also degraded more rapidly, leading to a reduced level of T antigen (30) . Quantitative analysis of T antigen in G2 phase tsA30-infected CV-1 cells demonstrated slightly higher levels of T antigen at 40.5°C than at 37°C, suggesting that a loss of function rather than a loss of quantity was responsible for failure to enter >G2 phase. This finding is not inconsistent with previous reports. The values presented here are T antigen quantities in G2 phase T antigen-positive cells, whereas immunoprecipitation measures the amount of T antigen in the total population. FCM analysis of SV40 lytic infection has established that the total amount of T antigen in a population is dependent on the cell cycle distribution of the population and that the highest levels of T antigen are expressed in >G2 phase (16) . The amount of T antigen in the total population at the permissive temperature increases relative to the total amount of T antigen at the nonpermissive temperature, because cells accumulate in >G2 phase only at the permissive temperature.
Introduction of wild-type adenovirus ElA protein into quiescent BRK cells results in the stimulation of DNA synthesis followed by mitosis (11, 28) . However, BRK cells infected with an ElA mutant containing a deletion of amino wild-type T antigen and ElA d11108/520 on the cell cycle suggest that interactions between T antigen, pRB, and p107 may be involved in the entry into >G2 phase. In addition, formation of these T antigen complexes may be associated with changes in the activity of p34cdc2 or other protein kinases involved in cell cycle regulation.
The presence of tetraploid-polyploid cells following the SV40 infection of nonpermissive cells in vivo and in vitro has also been reported (12, 14, 15, 18, 23) . These cells are recognized as the potential precursors for emerging neoplastic cells. Therefore, the mechanisms responsible for the induction of multiple rounds of DNA synthesis in permissive cells may define a similar mechanism in the transformation process.
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